Correlation of the presence of blood-brain barrier tight junctions and expression of zonula occludens protein ZO-1 in vitro: a freeze-fracture and immunofluorescence study.
Tight junctions are regarded as the primary anatomical structure responsible for the blood-brain barrier (BBB). The molecular components that have been defined include ZO-1, a peripheral membrane protein associated with the cytoplasmic surface of the tight junction in epithelial and endothelial cells. It has been localized to the points of membrane contact with the fibrils seen by freeze-fracture. Examination of passaged endothelial cells with freeze-fracture failed to locate the intramembrane specializations associated with tight junctions. For this reason, immunocytochemistry and freeze-fracture were used to study the correlation of ZO-1 expression with the presence of tight junctions in bovine brain and aorta endothelial cells. Indirect immunofluorescence analysis showed ZO-1 to be localized at sites of cell-cell contact. Images of freeze-fractured sites of endothelial cell-cell contacts in identical passage numbers did not display characteristic tight junctions. When bovine aorta endothelial cells were cultured in astrocyte-conditioned medium on a complete extracellular matrix, platinum replicas displayed profiles of tight junctions. The elements of tight junctions were arranged as parallel ridges which displayed free ends. The immunofluorescence staining of ZO-1 was identical to that obtained on the endothelial cells that displayed no tight junction profiles. These results suggest that ZO-1 may be present at putative junction-containing sites before the junctional structures appear in the surface membrane. Therefore, ZO-1 expression does not a priori reflect assembly of the tight junctions identified by freeze-fracture.